1. Introduction
===============

Breast cancer-related lymphedema (BCRL) is a common complication after surgery, chemotherapy, and radiotherapy for breast cancer. Its incidence ranges from 3% to 65% depending on the treatment, mode of diagnosis, and length of follow-up.^\[[@R1]\]^ Patients with BCRL may experience functional impairment, psychological morbidity, and diminished quality of life (QOL).^\[[@R1],[@R2]\]^ However, a lack of awareness regarding lymphedema and treatment options among patients, their families, and medical staff members continues to persist.

Traditional therapies for lymphedema fall under the category of complex decongestive therapy (CDT) and include manual lymphatic drainage, compression therapy, remedial exercise, and skin care.^\[[@R3],[@R4]\]^ These treatments can be expected to improve lymphedema. However, there are many inconveniences associated with such treatments that must be continuously considered after disease onset, and there are certain cases wherein the treatment effect is not as good as expected or wherein the condition deteriorates despite the application of treatment. Therefore, various other methods such as low-level laser therapy (LLLT), extracorporeal shock wave therapy, and hyperbaric oxygen therapy (HBOT) have been applied to treat lymphedema.^\[[@R5]--[@R9]\]^

HBOT is recognized as a treatment for carbon monoxide poisoning or decompression illness and is a safe treatment option that is effective in the recovery of injured bones and soft tissues affected in radiation therapy as well as in diabetic wound healing. Its mechanism of action involves supplying oxygen to damaged tissues to promote blood flow, generating new blood vessels, promoting wound healing, and reducing fibrosis.^\[[@R10]--[@R13]\]^ Although there have been several reports stating that hyperbaric oxygen therapy (HBOT) is effective in managing lymphedema following cancer treatment, there is still some controversy regarding its therapeutic effect.^\[[@R7]--[@R9]\]^ Gothard et al^\[[@R8]\]^ found no evidence of a beneficial effect of HBOT in the treatment of chronic BCRL. Since then, there has been no HBOT study on lymphedema.

Patients with lymphedema have higher levels of functional impairment, poorer psychological adjustment, and more incidence of anxiety and depression than the general population. There have been some reports about the effects of lymphedema on the QOL of breast cancer survivors.^\[[@R14]--[@R18]\]^ In addition, a lymphedema-specific QOL measuring tool is available.^\[[@R19]\]^

The severity of lymphedema can be examined using various methods such as circumference or volume measurement. While these methods are easy to perform, they have drawbacks such as inability to describe the tissue composition of affected limbs. On the other hand, bioimpedance spectroscopy (BIS) is a relatively new diagnostic tool for lymphedema and can be used to evaluate the severity of the condition.^\[[@R20]--[@R22]\]^

Therefore, the aims of this study were to evaluate the efficacy of HBOT in addition to conventional CDT for lymphedema and related QOL and to determine whether HBOT can be recommended as a new treatment option for BCRL.

2. Methods
==========

2.1. Subjects
-------------

A prospective observational study was conducted on 10 patients with BCRL. After screening, they were allocated to a CDT-only group and a CDT and HBOT combination (CDT--HBOT) group. Subjects received a total of 10 treatments over 2 weeks. Changes in the circumference of the upper limbs and bioelectrical impedance values were compared between the 2 groups. The study and all procedures were approved by the Institutional Review Board of Gangneung Asan Hospital (2017-09-007).

This study was conducted between October 2017 and August 2019. After introducing the objectives and methods of this study to subjects, written informed consent was obtained from each subject before participating in this study. Patients who developed swelling of the arm after breast cancer treatment and who were diagnosed with lymphedema by a rehabilitation physician were recruited from the Rehabilitation Outpatient Clinic. The criteria for the diagnosis of lymphedema were a difference in arm circumference of \>2 cm at any point or compatible findings of lymphedema as per lymphoscintigraphy.

Subjects were excluded if they had tumor recurrence within 6 months of treatment, bilateral involvement, other combined neurological diseases, or communication problems. Patients who were considered unfit to undergo HBOT such as patients with epilepsy, those who recently underwent ear surgery, or those with an obstructive phobia were excluded from assignment to the CDT--HBOT group.

2.2. Circumference measurement
------------------------------

Using a tape measure, circumference was measured and compared by a dedicated physiotherapist for lymphedema at both wrists, 10 cm below the elbow, at the elbow, and 10 cm above the elbow between before and after treatment.^\[[@R4]\]^

2.3. CDT
--------

All patients underwent 10 CDT sessions lasting 1 hour each, which included all of the following components: manual lymphatic drainage, compression bandaging, and meticulous skin care. This intervention continued for 2 weeks (5 working d/wk). Manual lymphatic drainage was performed by a certified physiotherapist, followed by wrapping of the limbs with short-stretch compression bandages. During the 2 weeks of CDT, the patients were educated on the proper bandaging technique and medical remedial exercises to promote lymphatic drainage as well as on the essentials of skin care.

2.4. HBOT
---------

Subjects in the HBOT group breathed 100% oxygen at an average atmospheric pressure of 2.4 atmospheres absolute (ATA). The total time spent at 2.4 ATA was 100 minutes including 2 5-minute air breaks. Each subject received a total of 10 pressure exposures (5 d/wk for 2 weeks).

2.5. Bioelectrical impedance analysis
-------------------------------------

We used the InBodyS10 body water analyzer (InBody Co., Seoul, South Korea), which provides comprehensive information on the water content of the body such as intracellular water, extracellular water to total body water ratio, and history of body water condition. It allows 30 impedance measurements using 6 different frequencies (1, 5, 50, 250, 500, and 1000 kHz) at 5 segments of the body (right arm, left arm, trunk, right leg, and left leg).

We obtained values for extracellular fluid (ECF) using BIS specific to ECF and more sensitive to localized lymphedema with multifrequency (1 kHz to 1 MHz) and single-frequency bioimpedance analyses (SFBIAs; values collected at 1 and 5 kHz) for both upper limbs. At low frequencies, currents flow selectively through the extracellular water compartments, which reflect the lymph volume. Conversely, at high frequencies, currents pass through both intracellular fluid and ECF. The calculated ECF ratio was defined as a ratio of the affected side to the unaffected side, whereas the SFBIA ratio was defined as the ratio of the unaffected side to the affected side.^\[[@R23],[@R24]\]^

2.6. QOL measure for lymphedema of the limbs
--------------------------------------------

QOL and health status were measured using the validated, self-administered quality-of-life measure for lymphedema of the limbs (LYMQOL) for the arms, which comprises 4 domains with corresponding questions on the topics: function, appearance, symptoms, and mood. Overall QOL is scored as the value marked by patients between 0 and 10 points.^\[[@R19]\]^

2.7. Statistical analysis
-------------------------

Statistical analyses were performed using the Statistical Package for the Social Sciences version 24.0 (IBM Corp., Armonk, NY). Mann--Whitney *U* test was used to compare the variables in the 2 groups. Changes in arm circumference (circumference before intervention − circumference after intervention; Δ) were calculated after interventions. Wilcoxon signed-rank test was used to compare variables between before and after treatment in each group. Continuous variables are expressed as mean ± standard deviation or median with interquartile range based on the results of normality testing. A 2-tailed *P*-value of \<.05 was considered statistically significant.

3. Results
==========

Initially, a total of 14 patients were enrolled in this study who joined one of the 2 groups. Then, 4 patients dropped out during the study period due to personal reasons (2 in CDT-only group and 2 in CDT--HBOT group). The remaining 10 patients completed the 2-week treatment program and were followed up immediately after the end of the program (Fig. [1](#F1){ref-type="fig"}).

![Flow chart showing subject recruitment and allocation. BIS = bioimpedance spectroscopy, CDT = complex decongestive therapy, HBOT = hyperbaric oxygen therapy, LYMQOL = quality-of-life measure for lymphedema of the limbs.](medi-99-e19564-g001){#F1}

The demographic and clinical data of the study patients are summarized in Table [1](#T1){ref-type="table"}. There were no significant differences between the 2 groups in baseline data or changes in arm circumference. Table [2](#T2){ref-type="table"} shows the LYMQOL scores of the 2 groups, which suggest a significant improvement in the function domain in the CDT--HBOT group (*P* \< .05), whereas the other domains showed no significant changes in any group after treatment. The parameters measured by BIS before and after treatment were also not significantly different between both groups. However, there was a significant improvement in the CDT--HBOT group after treatment in this regard (Table [3](#T3){ref-type="table"}; *P* \< .05).
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Demographic and clinical characteristics.
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Changes in LYMQOL domains before and after treatment.
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Changes in BIS parameters before and after treatment.
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4. Discussion
=============

The incidence of BCRL is decreasing faster than before due to the development of surgical techniques such as sentinel node biopsy and the increased awareness and treatment of lymphedema.^\[[@R1],[@R2]\]^ However, BCRL still occurs in a relatively large number of patients who experience psychological problems such as depression and subsequent functional discomfort.^\[[@R15],[@R16],[@R18]\]^

CDT is currently recognized as a standard treatment for lymphedema, and it focuses on reducing limb volume and maintaining healthy skin.^\[[@R4],[@R25]\]^ However, there are many inconveniences associated with this treatment approach, which should be considered continuously after the occurrence of lymphedema; thus, treatment compliance can be poor. There are also cases wherein the treatment effect is not as good as expected or wherein patient conditions deteriorate despite treatment.

Thus, new treatment methods for lymphedema have been explored. Some reports have suggested that HBOT is effective for lymphedema, but there is still controversy regarding its therapeutic effect.^\[[@R7]--[@R9]\]^ Baxter et al^\[[@R5]\]^ reported, for the first time, that HBOT was effective in patients with chronic BCRL, which was later supported by Teas et al.^\[[@R9]\]^ The present study also confirmed the therapeutic effect of HBOT on BCRL, but unlike the previous reports, it included a control group and the duration of lymphedema in the subjects was relatively short.

The mechanism of action of HBOT for the reduction of lymphedema remains unclear, but it has been reported to be the result of the stimulation of vascular endothelial growth factor.^\[[@R9]\]^ It is believed that fibrosis contributes to the development of lymphedema, which may explain the positive effect of HBOT on lymphedema through the reduction of fibrosis.^\[[@R7]\]^ This study revealed a significant improvement in the HBOT group when considering the BIS indices after treatment, probably due to the reduction of fibrosis. On the other hand, Gothard et al^\[[@R8]\]^ failed to confirm the beneficial effect of HBOT in their follow-up randomized trial. They explained that the extended interval (almost 12 years) between radiotherapy and HBOT was extremely long to enable remodeling of mature fibrotic tissues.

Among other treatment options for lymphedema, LLLT or photobiomodulation therapy has been promoted and investigated for the management of BCRL. A previous study indicated that LLLT may be considered an effective treatment for women with BCRL.^\[[@R5]\]^ However, a recent study that investigated the effectiveness of LLLT in addition to conventional CDT failed to show additional benefits of intervention with LLLT.^\[[@R26]\]^ Future studies comparing the therapeutic effects of LLLT and HBOT might be interesting.

There have been some reports on the effects of lymphedema on the QOL of breast cancer survivors.^\[[@R14]--[@R16],[@R18]\]^ Women with lymphedema had lower physical and mental QOL scores than women without lymphedema. In addition, women with lymphedema reported a significantly higher Disabilities of the Arm, Shoulder and Hand score, suggesting the presence of limitations in physical activity and participation restrictions.^\[[@R18]\]^ In this study, we assessed QOL using LYMQOL, a method designed for the assessment of QOL in patients with lymphedema that was validated in a previous study.^\[[@R19]\]^ There was no significant difference between the 2 groups in this regard, but improvements in QOL were observed in both groups after treatment.

The severity of lymphedema can be evaluated by measuring limb circumference and volume or by using a perometer. However, although these methods are simple to apply, they cannot describe the tissue composition of affected limbs. On the other hand, BIS is a relatively new diagnostic tool for the detection and measurement of lymphedema. It attempts to calculate the amount of body fluid by measuring the amount of impedance to an electrical current that passes through a body segment, and it can be used to evaluate the severity of lymphedema and to predict prognosis after treatment.^\[[@R20]--[@R22],[@R24]\]^ In this study, we evaluated the changes in lymphedema before and after treatment using BIS. There was no significant difference in this regard between the 2 groups, but in the CDT--HBOT group, a significant improvement was observed after treatment.

There are some limitations to this study. First, the sample size was relatively small and that could have led to a selection bias, and the patients were not randomly allocated to the study groups. However, this study is possibly of clinical value as a preliminary study, and further studies that include more subjects and apply randomization are needed in the future. Second, the number of HBOT treatments in this study was low. HBOT is commonly used to address delayed wound healing, and evidence of improved angiogenesis frequently becomes apparent between 14 and 20 treatments, with many such patients beginning a visible healing process at this point.^\[[@R9]\]^ In future studies, increasing the number of HBOT treatments may be helpful in better determining its effectiveness. Finally, we did not exclude factors such as comorbidities and drugs, which could affect the progression of lymphedema. These factors should be fully considered in future studies.

In conclusion, we have confirmed the effects of HBOT in combination with CDT, a conventional treatment for lymphedema, in this study. Therefore, HBOT may be recommended as an adjunct treatment to the existing therapies for patients with BCRL.
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